Immunology

The Journal of cells, molecules, systems and technologies

« British Society for

mmunologﬁ

eaeINeIeA @ ORIGINAL ARTICLE

Association between cytokine profile and transcription factors
produced by T-cell subsets in early- and late-onset pre-eclampsia
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Introduction

Pre-eclampsia (PE) is a specific syndrome of human preg-
nancy that affects 2-10% of women' and is responsible
for a high proportion of maternal and fetal morbidity

Summary

Pre-eclampsia (PE) is an obstetric pathology characterized by abnormal
activation of the innate and adaptive immune systems dependent on the
imbalance of T helper subsets. The present study aimed to evaluate the
gene and protein expression of T helper type 1 (Th1)/Th2/Th17/regula-
tory T (Treg) cell transcription factors in peripheral blood lymphocytes
from pregnant women with PE employing quantitative RT-PCR and flow
cytometry techniques, as well as the cytokine profile produced by these
CD4" T-cell subsets in the plasma of pregnant women with PE, classified
as early-onset PE (n = 20), late-onset PE (n = 20) and normotensive preg-
nant women (n = 20). Results showed a higher percentage of CD4"
T cells expressing the RORc transcription factor (Th17) and a lower per-
centage of cells expressing FoxP3 (Treg) in women with early-onset PE
compared with late-onset PE and normotensive groups. A lower gene
expression of GATA-3 transcription factor was detected in cells of women
with early-onset PE compared with the late-onset PE group. Endogenous
plasma levels of interleukin-6 (IL-6), IL-17 and tumour necrosis factor-a
were significantly higher in the early-onset PE group than in the late-
onset PE and normotensive groups, whereas IL-4 (Th2 profile) and IL-22
(Th17 profile), were not significantly different between the studied groups.
The endogenous levels of transforming growth factor-f and IL-10 were
significantly lower in the pre-eclamptic than in the normotensive groups
of the same gestational age, with a significant difference between early-
and late-onset PE. The results show that in women with PE there is an
imbalance between inflammatory and anti-inflammatory profiles in CD4"
T-cell subsets, with polarization to Th1l7 profiles in the early-onset PE,
considered as the severe form of PE.

Keywords: cytokines; regulatory T cells; reproductive immunology; T cells;
transcription factors.

and mortality, especially in low- and middle-income
countries.>® The clinical diagnosis is based on the devel-
opment of hypertension (blood pressure > 140/
90 mmHg) and proteinuria (> 300 mg/24 hr) that occurs
from the 20th week of pregnancy.* Other maternal

Abbreviations: APC-Cy7, allophycocyanin conjugated to cyanine 7; APC, allophycocyanin; BB515, bright blue fluorochrome
515; FoxP3, forkhead box P3; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GATA-3, GATA binding protein 3; IFN-y, in-
terferon-y; IL, interleukin; NT, normotensive; PE, pre-eclampsia; PerCP-Cy5-5, pyridine protein chlorophyll conjugated with cya-
nine dye; RORg, retinoic acid-related orphan receptor C; RT-qPCR, real-time quantitative polymerase chain reaction; T-bet, T
box transcription factor; TGF-f;, transforming growth factor f;; Thl, T helper type 1; TNF-o, tumor necrosis factor o; Treg,

regulatory T cell
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dysfunctions are also related to PE, such as renal insuffi-
ciency, liver involvement, neurological or haematological
complications, utero—placental dysfunction or fetal
growth restriction.™®

Clinically, PE is classified as mild or severe, according
to patient signs and symptoms' and as early-onset and
late-onset PE, depending on whether clinical manifesta-
tions occur before or after 34 weeks of gestation, respec-
tively.”® According to Huppertz® early- and late-onset PE
are two entities that differ in aetiology and in disease
manifestation. Early-onset PE is associated with placental
dysfunction, abnormal uterine and umbilical artery Dop-
pler evaluation, fetuses with growth restriction, intrauter-
ine fetal or maternal complications™’ and a higher
recurrence rate.!' On the other hand, late-onset PE is
often associated with a normal or slightly increased uter-
ine resistance index, low rate of fetal compromise and
more favourable perinatal outcomes.*'*

In PE, excessive activation of peripheral blood leuco-
cytes is associated with exaggerated innate and adaptive
immune responses that may interfere with normal preg-
nancy progression.”> This immunological disturbance
seems to result from an exacerbated activation of the
maternal inflammatory response characterized by over-
production of pro-inflammatory cytokines such as inter-
feron-y (IFN-y), interleukin-1f (IL-1p), IL-6 and tumour
necrosis factor-o. (TNF-0)"*'¢ and lower concentrations
of the regulatory cytokine IL-10 in the circulation or pro-
duced endogenously by monocytes from peripheral
blood.'”'®

During the early stages of gestation, a balance is observed
in the adaptive immunity cells that comprise CD4" T cells,
the major population involved in the cell-mediated
immune response. These cells are activated by antigen-
presenting cells and proceed to clonal expansion and
cytokine secretion.® The cytokine profile secreted at this
stage will determine cell differentiation into any of the sev-
eral subsets of T helper cells and so define the type of
immune response generated.”’ Depending on the changes
in different cytokine-induced microenvironments CD4" T
lymphocytes can differentiate into the T helper type 1
(Th1), Th2, Th17 or regulatory T (Treg) subsets perform-
ing inflammatory, regulatory or suppressor functions. The
generation of Thl cells occurs in the presence of the cytoki-
nes IFN-y, IL-12 and IL-18, which are potent inflammatory
mediators for adaptive immune response activation.”’
These cells are characterized by the transcription factor T
box transcription factor (T-bet) and expression of IFN-y
and IL-2.** The presence of IL-4 together with the tran-
scription factor GATA-3 are responsible for differentiating
Th2 cells that express a unique set of cytokines, including,
IL-4, IL-5 and IL-13.22> Th17 cells are also a lineage of
CD4" T cells, which are differentiated in the presence of
IL-6 and transforming growth factor-f (TGF-f). Further-
more, these cells are characterized by expressing the
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transcription factor retinoic acid-related orphan receptor C
(RORc) and the cytokine IL-17 production.23 This subset
plays a critical role in the induction of inflammation and in
the pathogenesis of autoimmune diseases and tissue rejec-
tion.”»** On the other hand, Treg cells, essential for main-
taining pregnancy and regulating inflammation, are
differentiated in the predominant environment of TGE-f**
together with the transcription factor Forkhead box P3
(FoxP3), the master gene for the differentiation to Treg
cells.”>?® These immune cells express specific anti-inflam-
matory cytokines such as IL-10 and TGF-f5, which dampen
an excessive effector immune response.””?”*® These factors
are activated when a cytokine binds to the specific receptor.
In addition to these factors, other DNA binding proteins
and epigenetic changes are activated, allowing adequate
transcription of genetic information to occur.”® Hence,
determination of CD4" T-cell subsets through their respec-
tive transcription factors is important to understand the
role of these T-cell subsets in several pathologies.

The literature shows that T helper subsets, such as Thl,
Th2, Th17, and Treg, participate in the pathogenesis and
progression of PE, with a predominance of the produc-
tion of Thl and Th17 cytokines.”””" According to Fig-
ueiredo & Schumacher” Th17 and Treg cells form
complex and dynamic networks to maintain homeostasis.
These cells interact with other cell types to modulate the
desired immune response during pregnancy. However, in
PE, this complex does not occur properly because there is
an imbalance between the inflammatory and anti-inflam-
matory profiles of CD4" T-cell subsets.

Darmochwal-Kolarz et al. and Santner-Nanan et a
reported a decrease in regulatory T cells and an increase
in Th17 profile cells in the peripheral blood of women
with PE compared with normal pregnant women, sug-
gesting that this imbalance is responsible for the activa-
tion of the inflammatory response in this pathology.

The activation of innate immunity cells detected in PE
results in the production of inflammatory cytokines that

131,32

activate cells of adaptive immunity, leading to increased
inflammation. The aim of this study is to evaluate
whether the subsets of CD4" T cells (Th1, Th2, Th17 and
Treg) and the cytokine profile produced by these cells
may differentiate between early- and late-onset PE. This
knowledge may contribute to a better understanding of
the involvement of adaptive immunity in the pathophysi-
ology of this important gestational pathology.

Materials and methods

Subjects

The study consisted of 60 primiparous women without
previous history of hypertension or obstetric and medical
complications, admitted to the Obstetric Unit of Botucatu
Medical School, Sao Paulo State University, Botucatu, SP,
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Brazil between September 2015 and September 2016.
Forty women were diagnosed with PE, defined as a per-
sistent elevated blood pressure value of 140 x 90 mmHg
and proteinuria (> 300 mg in urine collected during
24 hr) after the 20th week of gestation.* Women with PE
were classified according to the onset of clinical manifes-
tations of the disease at moment of diagnosis as early-
onset PE (< 34 weeks of gestation, n = 20) and late-onset
PE (> 34 weeks of gestation, n = 20), according to the
criteria suggested by Huppertz® A group of 20 nor-
motensive primiparous women with an uncomplicated
pregnancy and who remained normotensive (NT) and
non-proteinuric until the end of gestation were recruited
as controls and matched for gestational age at time of
sampling with the groups of women with PE. Gestational
age was calculated from the last menstrual period and
confirmed by early (< 12 weeks gestation) ultrasound
examination. Proteinuria in 24-hr urine was measured by
a colorimetric method, the Technicon RAXT automation
system, in the Clinical Laboratory, Botucatu Medical
School, Botucatu, SP, Brazil. Exclusion criteria included
multiple gestation, previous PE, illicit drug use and pre-
existing medical conditions such as diabetes, cancer,
chronic hypertension, acute infectious diseases, and car-
diovascular, autoimmune, renal and hepatic diseases. The
study was approved by the Research Ethics Committee of
Botucatu Sao Paulo State University (UNESP) Medical
School (CAAE Protocol number: 43467315 3 0000 5411),
and written informed consent was obtained from all
women involved in the study. For pregnant women aged
below 18 years the written informed consent was
obtained from their parents or guardians.

Blood sampling

The whole blood for evaluation of T-cell subsets and
determination of cytokines from pregnant women with
PE was collected at the time of disease diagnosis, and
from NT pregnant women at the time they were matched
for gestational age with women with PE. Blood samples
(10 ml) were collected by venepuncture from the antecu-
bital vein and were put into a sterile plastic tube contain-
ing 10 U/ml EDTA (Becton Dickinson-BD Vacutainer;
BD Biosciences, Franklin Lakes, NJ). After centrifugation
for 10 min at 3000 g, the obtained plasma was removed
and aliquots were stored at —80° until the time of cyto-
kine determination.

Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells were isolated by den-
sity gradient centrifugation on Ficoll-Paque Premium
(density = 1-077) (GE Healthcare Bio-Sciences, Uppsala,
Sweden) as described previously.'” The obtained mononu-
clear cell-rich ring was washed twice with RPMI-1640/
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HEPES tissue-culture medium (LGC Biotechnology, Sao
Paulo, SP, Brazil) with centrifugation between washes at
300 g for 10 min. After this procedure, the cells were
resuspended in RPMI-1640/HEPES culture medium (LGC
Biotechnology) supplemented with 10% inactivated fetal
bovine serum (complete RPMI). For identification of the
mononuclear cells, 50 pl of the mononuclear cell suspen-
sion was incubated for 10 min at 37° with 450 ul of 0-02%
neutral red solution. The cell concentration was adjusted
to 1 x 10° viable cells/ml, and the cells were distributed
(1 ml/well) in 24-well flat-bottomed plates (Falcon,
Corning Incorporated-Life Sciences, Durham, NC) and
incubated at 37°, in a 5% CO, atmosphere for 90 min.
Non-adherent cells were obtained by washing the plate
wells with RPMI-1640/HEPES culture medium (LGC
Biotechnology). Cell viability as determined by 0-2% Try-
pan blue dye exclusion was > 95% in all experiments. The
cell concentration was adjusted to 2 x 10° viable cells/ml
for T-cell subset characterization by flow cytometry.

Analysis of the expression of transcription factors in T
lymphocytes by flow cytometry

Expression of intracytoplasmic transcription factors for
Thl (T-bet), Th2 (GATA-3), Th17 (RORc) and Treg
(FoxP3) cells was evaluated soon after blood collection
(endogenous expression). The cell concentration was
adjusted to 2 x 10 cells/ml and cells were distributed in
Falcon cytometer tubes (BD Biosciences). The cells were
incubated with BD Biosciences antibodies, with respective
fluorochromes: anti-CD3 (phycoerythrin-Cy7), anti-CD4
[allophycocyanin  (APC)], anti-CD25 (APC-H7) and
anti-CD127 (BB515) for 30 min in the dark. After cen-
trifugation the cells were washed with wash buffer (BD
Biosciences) and centrifuged again at 400 g for 5 min.
Then, the cells were fixed and permeabilized using perm
buffer (BD Biosciences) for incubation with specific anti-
bodies (BD Biosciences) labelled with specific fluo-
rochromes for the intracellular proteins T-bet [peridinin
chlorophyll protein (PerCP) -Cy5-5], GATA-3 (phycoery-
thrin), RORc (phycoerythrin) and FoxP3 (phycoerythrin)
for 30 min in the dark and at room temperature. For the
delineation of the gates, control tubes were incubated
with specific isotype antibodies for each fluorochrome
(phycoerythrin-Cy7, APC, APC-H7, BB515, PerCP-Cy5-5
and phycoerythrin) in each test performed. The gating
strategy to analyse Thl, Th2, Th17 and Treg subsets was
performed inside singlets > debris > CD3" lymphocytes
> CD4" lymphocytes. Additionally, Treg cell analysis was
performed inside a CD25" CD127"°Y gate. In the case of
the measurements, 30 000 events for each sample were
required on a FACSCanto™ II flow cytometer (BD Bio-
sciences) with racspiva software (BD Biosciences). The
results were analysed in the software FLowjo, version
vX.10-6 (FlowJo, LLC, Ashland, OR).
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Evaluation of the expression of transcripts related to
transcription factors of CD4" T-cell subsets by quantita-
tive real-time PCR

The non-adherent peripheral blood mononuclear cells
were evaluated for the expression of genes encoding
T-bet, GATA-3, RORc and FoxP3 proteins at the tran-
scriptional level. Total RNA was extracted from 2 x 10°
viable cells using the Total RNA Purification Kit (Norgen
Biotek Corp., Thorold, Canada) according to the
manufacturer’s protocol, and the quantitative RT-PCR
(RT-gPCR) was performed as described previously.”
Briefly, isolated RNA was treated with DNAse I Amp
Grade (Invitrogen, Carlsbad, CA). Subsequently, the syn-
thesis of cDNA was conducted using ImProm-II"™ Reverse
Transcription System, according to the manufacturer’s
protocol. The RT-qPCR was made using RT GoTaq-qPCR
Master Mix (Promega, Madison, WI) and the primer
sequences used in this study are listed in Table 1. Each
reaction was set in duplicate and the conditions for the
RT-qPCR were as follows: initial denaturation at 96° for
2 min and then 40 cycles at 95° for 15 seconds and 60° for
60 seconds, followed by a melting curve. Expression values
of the analysed transcripts were normalized to that of the
enzyme-encoding glyceraldehyde-3-phosphate dehydroge-
nase gene (GAPDH). The calculation of the differential
expression of selected genes was carried out by the data
processing method compared with a standard curve.”* To
analyse relative gene expression, we standardized the RNA
expression levels in all samples to that of a single RNA
sample, which was set to a value of 100.

Detection of cytokines related to Thl, Th2, Thl7 and
Treg subsets by ELISA

Cytokine concentrations in plasma were determined by
ELISA using Quantikine ELISA kits (R&D Systems, Min-
neapolis, MN) for IFN-y and TNF-a (Thl), IL-4 (Th2),
IL-22 and IL-6 (Th17) and IL-10 and TGF-f; (Treg).
Assay sensitivity limits for IFN-y, IL-4, IL-6, IL-10, IL-22,

Table 1. Primers for transcription factors and GAPDH

TGF-f; and TNF-o were 15-6 pg/ml, 10 pg/ml, 0-70
pg/ml, 3-9 pg/ml, 0-7 pg/ml, 1.7 pg/ml and 0-5 pg/ml,
respectively. A high sensitivity commercial kit obtained
from Affymetrix eBioscience (San Diego, CA) was
employed for IL-17 cytokine (Th17) determination with
sensitivity limit of 0-01 pg/ml.

Statistical analysis

The results were evaluated using parametric or non-para-
metric methods, according to the prism statistical program
(Graph Prism for Windows, version 6-01; GraphPad, San
Diego, CA). The clinical characteristics of pregnant
women were analysed by Kruskal-Wallis test, followed by
multiple comparisons by Dunn’s test. Analysis of the sub-
sets of CD4" T cells and cytokines was evaluated by anal-
ysis of variance, followed by multiple comparisons by the
Tukey’s test. The significance level adopted for all the
tests was 5% (P < 0-05).

Results

Clinical characteristics

There were no significant differences with respect to
maternal age and gestational age between pre-eclamptic
and normotensive corresponding groups of pregnant
women (Table 2). Systolic and diastolic blood pressures
were significantly higher in both pre-eclamptic groups
compared with the normotensive ones. Proteinuria levels
were higher in the early-onset PE group than in the late-
onset and normotensive groups. In women with late-
onset PE these values were significantly higher than in the
normotensive women with the same gestational age.

Expression of transcription factors in CD4" T-cell
subsets

Results of Fig. 1 show the analysis of CD4" T-cell subsets
of inflammatory and anti-inflammatory profiles in the

Gene Sequence (5'-3")

GenBank

FoxP3 Forward primer: (614) CAGGAAGGACAGCACCCTTT (633)

NM_014009

Reverse primer: (726) GGAAGTCCTCTGGCTCTTCG (707)

GATA-3 Forward primer: (174) CTCTTCGCTACCCAGGTGAC (193) NM_001002295.1
Reverse primer: (269) ACGACTCTGCAATTCTGCGA (250)

RORc Forward primer: (363) CATGTCCCGAGATGCTGTCA (382) NM_005060-3
Reverse primer: (473) GGTTCCTGTTGCTGCTGTTG (454)

T-bet Forward primer: (906) GGATGCGCCAGGAAGTTTCA (925) NM_013351
Reverse primer: (993) TGGAGCACAATCATCTGGGT (974)

GAPDH Forward primer: (684)CGTGGAAGGACTCATGACCA(703) NM_002046.4
Reverse primer: (801)GGCAGGGATGATGTTCTGGA(782)
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Table 2. Characteristics of pregnant women with pre-eclampsia and normotensive pregnant women

Groups

Pre-eclampsia

Normotensive

> 34 weeks n = 20

< 34 weeks n = 10 > 34 weeks n = 10

Parameters < 34 weeks n = 20
Age (years) 28 (14-40)
Gestational age (weeks) 29 (26-33)

160" (140-200)
110" (90-140)
3105% (300-26 052)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Proteinuria (mg/24 hr)

24 (16-43) 25 (18-38) 26 (19-37)
37 (34-40) 30 (26-33) 37 (34-40)
155" (140-180) 105 (95-110) 100 (95-110)
100" (90-120) 65 (60-70) 60 (60-70)

535% (300-10 800) <300 <300

Results are expressed as the median (range).
'(P < 0-01) versus mormotensive (NT) < 34 weeks, NT > 34 weeks.

2(P < 0-01) versus NT < 34 weeks, NT > 34 weeks, pre-eclampsia > 34 weeks.

*(P < 0-05) versus NT > 34 weeks (Kruskal-Wallis test).
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Figure 1. Expression of transcription factors in CD4" T-cell subsets. Percentage of lymphocytes expressing intracellular transcription factors of

inflammatory and anti-inflammatory profiles in pregnant women with pre-eclampsia (PE; n = 40) and normotensive pregnant women (NT;
n = 20) by flow cytometry and representative dot plots of each transcription factor. (a) T-bet. (b) RORc. (c) GATA-3. (d) FoxP3. Results
expressed as mean + SD. *(P < 0-05) versus NT (Student’s t-test). [Color figure can be viewed at wileyonlinelibrary.com]

groups of pregnant women with PE and the normoten-
sive pregnant women. Representative dot plots of the
transcription factors from T-cell subsets were also
included. Evaluation of the inflammatory profiles showed
that the percentage of cells expressing the T-bet transcrip-
tion factor, corresponding to the Thl profile, was signifi-
cantly higher in the PE group than in the normotensive

© 2017 John Wiley & Sons Ltd, Immunology, 152, 163-173

group (Fig. 1a). Similar results were observed in relation
to the Th17 profile, represented by a significant increase
in the percentage of cells expressing RORc (Fig. 1b) in
women with PE compared with the control group. In the
anti-inflammatory profiles for Th2 and Treg, the percent-
ages of lymphocytes expressing GATA-3 (Fig. 1c) or
FoxP3 (Fig. 1d), respectively, were significantly lower in
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the group of women with PE compared with the nor-
motensive group.

Th17 profile was increased in the early-onset PE

Thl and Thl7 inflammatory profiles were analysed
according to the classification of pregnant women in
early-onset PE (< 34 weeks of gestation) and late-onset
PE (> 34 weeks of gestation). The percentage of cells
expressing T-bet (Fig. 2a) was significantly higher in
women with early-onset PE than in normotensive preg-
nant women with the same gestational age (< 34 weeks).
Similar results were observed in late-onset PE in relation
to the normotensive group with equivalent gestational age
(> 34 weeks). The population of CD3" CD4" RORc*
Th17 cells (Fig. 2a) was also significantly higher in the
early- and late-onset PE groups compared with the corre-
sponding normotensive groups with the same gestational
age. A significant increase in the percentage of Th17 cells
expressing RORc was detected in the early-onset PE
group compared with the late-onset PE group.

Th2 and Treg profiles were decreased in the early-
onset PE

The percentage of lymphocytes expressing GATA-3 was
significantly lower in early-onset PE when compared with
the normotensive pregnant women with equivalent gesta-
tional age (Fig. 2c). A similar result was observed in the
late-onset PE group in relation to the normotensive
group with the same gestational age. The population of

was significantly lower in both early-onset and late-onset
PE groups compared with the corresponding normoten-
Comparison between the pre-eclamptic
groups showed a significant decrease in the percentage of

sive groups.

Treg cells expressing FoxP3 in the early-onset PE com-
pared with the late-onset PE group (Fig. 2d).

mRNA levels of the transcription factors T-bet,
GATA-3, RORc and FoxP3 from CD4" T-cell subsets

No significant differences were detected in the gene
expression of T-bet in pregnant women with early- and
late-onset PE compared with normotensive pregnant
women with equivalent gestational age (Fig. 3a). How-
ever, higher mRNA levels of RORc were observed in the
early-onset and late-onset PE groups than in the nor-
motensive groups with corresponding gestational age. A
significant decrease in gene expression of GATA-3
(Fig. 3c) and FoxP3 (Fig. 3d) was detected in lympho-
cytes from both early-onset and late-onset PE groups
compared with the normotensive groups with the same
gestational age. The levels of GATA-3 mRNA were signifi-
cantly lower in early-onset PE than in late-onset PE.
Comparison between normotensive groups showed signif-
icant differences between the normotensive group with
gestational age < 34 weeks and that with gestational age
> 34 weeks (Fig. 3¢).

Cytokine determination

The plasma concentrations of IFN-y (Fig. 4a), TNF-o

CD3" CD4" CD25" CD127"" FoxP3" Treg cells (Fig. 2d) (Fig. 4b), IL-6 (Fig. 4c) and IL-17 (Fig. 4d) were
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Figure 4. Pro-inflammatory cytokine profile. o
Protein expression of interferon-y (IFN-y) (a), PE < 34
tumour necrosis factor-o. (TNF-o) (b), inter- weeks

leukin-6 (IL-6) (c), IL-17 (d) and IL-22 (e) in
plasma obtained from pregnant women with
early-onset pre-eclampsia (PE < 34 weeks of
gestation; n = 20), late-onset pre-eclampsia
(PE > 34 weeks of gestation; n = 20) and nor-
motensive pregnant women (NT < 34 weeks;
n=10; NT > 34 weeks; n = 10) detected by
ELISA. Results expressed as mean £ SD.
*(P < 0-05) versus NT < 34 weeks; ®(P < 0,05)
versus NT > 34 weeks; (P < 0-05) versus PE >
34 weeks (analysis of variance).

significantly higher in women with PE than in the nor-
motensive groups with the corresponding gestational age.
When the two groups of early-onset and late-onset PE
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were compared, TNF-a, IL-6 and IL-17 levels were signifi-
cantly higher in the early-onset PE group. The plasma
IL-22 (Fig. 4e) and IL-4 (Fig. 5a) levels showed no
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significant differences between the normotensive and pre-
eclamptic groups.

Endogenous levels of IL-10 (Fig. 5b) and TGEF-f,
(Fig. 5¢) were significantly lower in early-onset and
late-onset PE groups than in normotensive ones with
corresponding gestational age. Evaluation between the pre-
eclamptic groups showed respectively lower IL-10 (Fig. 5b)
and higher TGF-f, (Fig. 5¢) concentrations in early-onset
PE. There were no differences between the normotensive
groups in relation to all the cytokines evaluated.

Discussion

The present study characterized the subsets of CD4" T lym-
phocytes (Th1, Th2, Th17 and Treg) and the cytokine pro-
file produced by these cells in the peripheral blood of
pregnant women with PE. The results demonstrated that
lymphocytes are endogenously polarized to the Thl and
Th17 inflammatory profiles and show a decrease in Th2/
Treg anti-inflammatory profiles. In addition, increased
production of the pro-inflammatory cytokines IFN-y, IL-6,
IL-17 and TNF-0, as well as decreased levels of anti-inflam-
matory cytokines IL-10 and TGF-f3;, were found. The levels
of IL-4 and IL-22 showed no significant differences
between the groups studied. These results confirm previous
evidence of exacerbated activation of circulating leucocytes
in these patients'*'*?> and agree with reports showing a
decrease in the proportion of circulating Treg cells and an
increase in Th17 cells in women with PE.*"?>3¢%°

In PE, T helper cell subsets have been evaluated by
gene expression of transcription factors for these cells,””*’
or by the protein expression of these factors.”***® In the
present study, the gene and protein expression of Thl/
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Figure 5. Anti-inflammatory cytokine profile.
Protein expression of interleukin-4 (IL-4) (a),
IL-10 (b) and transforming growth factor-f;
(TGF-$;) (c) in plasma obtained from preg-

weeks  wee

nant women with early-onset pre-eclampsia
(PE < 34 weeks of gestation; n = 20), late-
onset pre-eclampsia (PE > 34 weeks of gesta-
tion; n =20) and normotensive pregnant
women (NT < 34 weeks; n =10; NT > 34
weeks; n =10) detected by ELISA. Results
expressed as mean £ SD. *(P < 0-05) versus
NT < 34 weeks; @(P < 0-05) versus NT > 34
weeks; “(P < 0-05) versus PE > 34 weeks (anal-

ysis of variance).

Th2/Th17/Treg-specific transcription factors in peripheral
blood lymphocytes from pregnant women with PE were
determined, using RT-qPCR and flow cytometry tech-
niques, respectively, as well as the cytokine profile pro-
duced by these CD4" T-cell subsets in the plasma of
pregnant women with PE. Increased Th1/Th17 inflamma-
tory profiles and decreased Th2/Treg anti-inflammatory
profiles in women with PE showed imbalance between
CD4" T-lymphocyte subsets, evidenced by increased gene
and protein expression of T-bet and RORc intracytoplas-
mic transcription factors and by lower gene and protein
expression of GATA-3 and FoxP3 in women with PE.
Recently, Gharesi-Fard et al.*' evaluated the gene expres-
sion of these transcription factors in decidua and chori-
onic villi of placentas from pregnant women with PE and
normotensive pregnant women by RT-PCR. The authors
detected a decrease in expression of FoxP3 and GATA-3
and an increase of T-bet in the decidua, whereas in the
chorionic samples, FoxP3 expression was decreased and
RORc increased. The similarity between our results and
those of these authors suggests that the imbalance of
these subsets in the placenta is also observed in the circu-
lating cells of women with PE.

Studies on Th17 cells involved in the pathogenesis of PE
detected an increase in the percentage of these cells in the
peripheral blood of patients with severe PE compared with
healthy pregnant women, suggesting that hyper-regulation
of Th17 immunity may contribute to the development of
severe cases of PE.>' On the other hand, Treg cells are con-
sidered to play a crucial role in the implantation of
embryos and the maintenance of maternal immune toler-
ance to the fetus.*> Zhang et al.*> demonstrated that the
percentage of Treg cells defined as CD4" CD25% CD127"°"
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was significantly lower in women with severe PE compared
with healthy pregnant women. Hence, this reduction of
Treg cells may interrupt maternal immunological tolerance,
contributing to the occurrence of PE.

When pregnant women with PE were classified accord-
ing to the onset of the clinical manifestations of PE, we
found that pregnant women with early-onset PE showed
a higher percentage of CD4" T cells expressing the RORc
transcription factor and a significant decrease in the per-
centage of Treg cells expressing FoxP3 in relation to the
late-onset PE group, so confirming the severity of the dis-
ease before the 34th week of gestation. This Treg/Th17
imbalance may be responsible for the activation of the
exacerbated inflammatory response that is more promi-
nent in early-onset than in late-onset PE.'®

There were no significant differences between the pre-
eclamptic groups regarding the gene expression of T-bet,
RORc and FoxP3, although GATA-3 expression was lower
in pregnant women with early-onset PE. These results
suggest that the evaluation of the percentage of these sub-
sets using flow cytometry and the determination of the
cytokine profile by ELISA were the most sensitive and
adequate techniques to discriminate between pregnant
women with early-onset PE and those with late-onset PE
in relation to the involvement of adaptive immunity in
the disease pathogenesis.

Our study evaluating the specific cytokines of each T-
cell subset profile in plasma of pregnant women with PE
confirms the polarization of these cells to an inflamma-
tory profile. Hence, high endogenous production of the
inflammatory cytokines IFN-y, TNF-o, IL-6 and IL-17
was observed, as well as lower production of anti-inflam-
matory cytokines IL-10 and TGF-ff; detected in the
plasma of pregnant women with PE. On the other hand,
the levels of IL-4 and IL-22 showed no significant differ-
ences between the groups evaluated. The increased levels
of IFN-y produced by women with PE corroborate the
results of other authors who detected significant increases
of this cytokine in the plasma of pregnant women with
PE compared with normotensive pregnant women,***>

Plasma levels of TNF-o were significantly increased in
early-onset PE compared with late-onset PE, which con-
firms previous results obtained in our laboratory.'® The
higher endogenous production of TNF-x in pregnant
women with PE is in accordance with the literature'>***
and suggests that the deleterious effects of high TNF-«
circulating concentrations may be associated with the
most severe forms of PE'® and with the oxidative stress
present in this pathology.'> It is noteworthy that in the
blood of pregnant women with PE there is an exacerbated
cytotoxic activity accompanied by an increase in the levels
of pro-inflammatory cytokines such as TNF-o and IL-6,*
in addition to IFN-y and IL-17.>%*

Naive T cells stimulated with TGF-f§ and IL-6 develop
a Th17 response, with expression of IL-17 and IL-22 and
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are responsible for autoimmunity and gestation loss.*>*®
According to our findings, it was evident that pregnant
women with early-onset PE, considered the most severe
form of PE, comprised a higher percentage of Th17 cells
in the peripheral blood and also significantly higher levels
of IL-17 compared with late-onset PE and normotensive
women of similar gestational age. These results agree with
recent studies showing an increase in circulating levels of
IL-17 in pregnant women with PE when compared with
healthy pregnant women and non-pregnant women® and
higher IL-17 concentration in the plasma of pregnant
women with severe PE.*’ Considering that pregnant
women with early-onset PE develop more severe clinical
manifestations than pregnant women with late-onset PE,
leading to the excessive systemic inflammatory response
characteristic of PE, the high levels of IL-17 produced by
Th17 cells may cooperate with other immune mediators
to aggravate the inflammation of placental blood vessels,
so contributing to the development of PE.”!

In the present study, the higher levels of IL-6 in preg-
nant women with early-onset PE compared with the late-
onset PE and normotensive groups confirmed data from
the literature showing the polarization of the Thl7
inflammatory profile through the IL-6 and TGEF-f axis.”
This shift to Th17 was more evident in pregnant women
with early-onset PE, which shows a more intense inflam-
matory state than in women with late-onset PE.'"®* The
decrease in Th2/Treg anti-inflammatory profile in women
with PE could be explained by the predominant inflam-
matory cytokine environment in these pregnant women.
Since IL-1f and IL-6 can induce the development of
Th17 from the common ancestral cell of Th17 and Treg
cells’™>* it can be assumed that in PE higher concentra-
tions of these cytokines may direct the differentiation of
Treg cells to Th17 cells.”

The decreased levels of TGF-f; in women with PE
compared with increased levels in normotensive pregnant
women corroborate the literature® showing that the
polarization of CD4" T cells to Treg requires an environ-
ment with high levels of TGF-B.> Therefore, the Treg
profile may be decreased in PE due to the high concen-
trations of IL-6 produced by cells of innate immunity in
pregnant women with PE.'* As IL-6 secretion suppresses
the  protective  immunoregulatory  properties  of
CD4" CD25" Treg cells’® it is possible that increased
levels of IL-6 may regulate Treg cell expansion in this
syndrome.” Although TGF-f, levels were decreased in
pregnant women with PE compared with normotensive
ones, they were higher in early-onset PE than in late-
onset PE, suggesting that the association between higher
concentration of IL-6 and TGF-f; levels could polarize T
cells to the Th17 profile, with higher production of IL-17
in the early-onset PE group.

The concentration of IL-4 in the plasma of women
with PE did not show significant difference when
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compared with the normotensive groups, corroborating
the results of other authors.*>*® Similarly IL-22 plasma
concentrations were not different between the groups
studied. Although Zhang et al.*’ have reported a signifi-
cant increase in plasma levels of IL-22 in pregnant
women with severe PE compared with the control group,
studies on IL-22 in PE are scarce in the literature. Hence,
we consider that IL-22 determination in women with PE
needs further investigation, to better understand its role
in PE.

Plasma levels of IL-10 and the percentage of Treg cells
were significantly lower in pregnant women with early-
onset PE than in the late-onset PE and normotensive
groups, suggesting that both the number and function of
this CD4" subset is impaired in early-onset PE. The high-
est endogenous concentration of IL-10 detected in plasma
of normotensive pregnant women compared with pre-
eclamptic groups is in accordance with the findings of the
literature.'”*”>® Hence, the higher production of IL-10 in
normotensive pregnant women can be explained by the
predominance of an anti-inflammatory Th2 profile in
these women, which develops during pregnancy, with
predominance of IL-10 over TNF-o, to minimize the
deleterious effects of an excessive inflammatory response.

Together,the results of the present study demonstrate
for the first time that the deviation of CD4" lymphocytes
to the Th17 profile was more evident in pregnant women
with early-onset PE. This cell polarization is demon-
strated by a higher percentage of cells expressing RORc
and elevated IL-17 production, associated with signifi-
cantly lower levels of IL-10 and a lower percentage of
Treg cells. These results confirm previous studies of the
literature showing that the balance between Treg and
Th17 cells is deficient in PE.”>’"** Considering that
maternal adaptation to gestation requires a rigidly con-
trolled interaction between innate and adaptive immuni-
ties to allow normal growth and development of the fetal
half-graft,” the use of agents capable of modulating this
interaction might lead to pregnancy success and con-
tribute to a better understanding of the involvement of
adaptive immunity in the pathophysiology of PE.

Acknowledgements

This work was supported by the Fundagao do Amparo a
Pesquisa do Estado de Sao Paulo, Brazil, FAPESP, (Grant
No 2012/24697-8 and 2014/25124-7). The authors thank
the staff of the hospitals and the women who participated
in this study.

Author contributions

VRR, MRV, GGR, MLM and PRN performed experi-
ments. VIB and JCP selected pregnant women for the
study. VRR, MRV and MTSP conceived the ideas,

172

designed experiments, analysed data and prepared the
manuscript.

Disclosures

The authors state that they have no financial or commer-
cial conflicts of interest.

References

ACOG Practice Bulletin no. 33. Diagnosis and management of preeclampsia and
eclampsia. Obstet Gynecol 2002; 99:159—67.

Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet 2005; 365:785-99.
Ghulmiyyah L, Sibai B. Maternal mortality from preeclampsia/eclampsia. Semin Perina-
tol 2012; 36:56-9.

National High Blood Pressure Education Program Working Group on High Blood

[SURNNY

-~

Pressure in Pregnancy. Report of National High Blood Pressure Education Program
Working Group on high blood pressure in pregnancy. Am ] Obstet Gynecol 2000; 183:
S1-22.

Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W et al. The classifica-

tion, diagnosis and management of the hypertensive disorders of pregnancy: a revised

v

statement from the ISSHP. Pregnancy Hypertens 2014; 4:97-104.
6 Mol BW, Roberts CT, Thangaratinam S, Magee LA, de Groot CJ, Hofmeyr GJ. Pre-
eclampsiaA Lancet 2016; 387:999-1011.
von Dadelszen P, Magee LA, Roberts JM. Subclassification of preeclampsia. Hypertens
Pregnancy 2003; 22:143-8.
Huppertz B. Placental origins of preeclampsia: challenging the current hypothesis.
Hypertension 2008; 51:970-5.
Murphy DJ, Stirrat GM. Mortality and morbidity associated with early-onset

~

®

©

preeclampsia. Hypertens Pregnancy 2000; 19:221-31.

10 Ness RB, Sibai BM. Shared and disparate components of the pathophysiologies of fetal
growth restriction and preeclampsia. Am J Obstet Gynecol 2006; 195:40-9.

11 Redman CW, Sargent IL. Latest advances in understanding preeclampsia. Science 2005;
308:1592—4.

12 Raymond D, Peterson E. A critical review of early-onset and late-onset preeclampsia.
Obstet Gynecol Surv 2011; 66:497-506.

13 Lok CA, Jebbink J, Nieuwland R, Faas MM, Boer K, Sturk A et al. Leukocyte activation
and circulating leukocyte-derived microparticles in preeclampsia. Am J Reprod Immunol
2009; 61:346-59.

14 Luppi P, Deloia JA. Monocytes of preeclamptic women spontaneously synthesize pro-
inflammatory cytokines. Clin Immunol 2006; 118:268-75.

15 Peragoli MT, Bannwart CF, Cristofalo R, Borges VT, Costa RA, Witkin SS et al.
Increased reactive oxygen species and tumor necrosis factor- production by monocytes
are associated with elevated levels of uric acid in pre-eclamptic women. Am ] Reprod
Immunol 2011; 66:460—7.

16 Raghupathy R. Cytokines as key players in the pathophysiology of preeclampsia. Med
Princ Pract 2013; 22:8-19.

17 Cristofalo R, Bannwart-Castro CF, Magalhaes CG, Borges VT, Peragoli JC, Witkin SS
et al. Silibinin attenuates oxidative metabolism and cytokine production by monocytes
from preeclamptic women. Free Radic Res 2013; 47:268-75.

18 Peragoli JC, Bannwart-Castro CF, Romao M, Weel IC, Ribeiro VR, Borges VT et al.
High levels of heat shock protein 70 are associated with pro-inflammatory cytokines
and may differentiate early- from late-onset preeclampsia. J Reprod Immunol 2013;
100:129-34.

19 Li W, Li B, Fan W, Geng L, Li X, Li L et al. CTLA4 Ig gene transfer alleviates abortion
in mice by expanding CD4"CD25" regulatory T cells and inducing indoleamine 2,3-
dioxygenase. ] Reprod Immunol 2009; 80:1-11.

20 Jimeno R, Leceta J, Garin M, Ortiz AM, Mellado M, Rodriguez-Frade JM et al. Th17

polarization of memory Th cells in early arthritis: the vasoactive intestinal peptide

effect. J Leukoc Biol 2015; 98:257—69.

Conforti-Andreoni C, Spreafico R, Qian HL, Riteau N, Ryffel B, Ricciardi-Castagnoli P

et al. Uric acid-driven Th17 differentiation requires inflammasome-derived IL-1 and

IL-18. J Immunol 2011; 187:5842-50.

22 Peck A, Mellins ED. Plasticity of T-cell phenotype and function: the T helper type 17
example. Immunology 2010; 129:147-53.

23 Figueiredo AS, Schumacher A. The T helper type 17/regulatory T cell paradigm in preg-

2

nancy. Immunology 2016; 148:13-21.

24 Crome SQ, Wang AY, Levings MK. Translational mini-review series on Th17 cells:
function and regulation of human T helper 17 cells in health and disease. Clin Exp
Immunol 2010; 159:109-19.

© 2017 John Wiley & Sons Ltd, Immunology, 152, 163-173



2

a

26

2

;N

2i

®

2!

©

3

S

31

3

o

3

@

3

S

3

@

3

N

3

]

3

&

3

©

40

4

=

4

[}

Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the development and function
of CD4"'CD25" regulatory T cells. Nat Immunol 2003; 4:330-6.

Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development by the tran-
scription factor Foxp3. Science 2003; 299:1057-61.

Jianjun Z, Yali H, Zhiqun W, Mingming Z, Xia Z. Imbalance of T-cell transcription
factors contributes to the Thl type immunity predominant in pre-eclampsia. Am |
Reprod Immunol 20105 63:38—45.

Saito S, Nakashima A, Shima T, Ito M. Th1/Th2/Th17 and regulatory T-cell paradigm
in pregnancy. Am ] Reprod Immunol 2010; 63:601-10.

Swist K, Pajtasz-Piasecka E. The influence of transcription factors on CD4" T cell dif-
ferentiation. Postepy Hig Med Dosw 2011; 65:414-26.

Saito S, Sakai M. Th1/Th2 balance in preeclampsia. J Reprod Immunol 2003; 59:
161-73.

Darmochwal-Kolarz D, Kludka-Sternik M, Tabarkiewicz ], Kolarz B, Rolinski J,
Leszczynska-Gorzelak B et al. The predominance of Th17 lymphocytes and decreased
number and function of Treg cells in preeclampsia. J Reprod Immunol 2012; 93:
75-81.

Santner-Nanan B, Peek MJ, Khanam R, Richarts L, Zhu E, Fazekas de St Groth B et al.
Systemic increase in the ratio between Foxp3" and IL-17-producing CD4" T cells in
healthy pregnancy but not in preeclampsia. J Immunol 2009; 183:7023-30.

Matias ML, Romao M, Weel IC, Ribeiro VR, Nunes PR, Borges VT et al. Endogenous
and uric acid-induced activation of NLRP3 inflammasome in pregnant women with
preeclampsia. PLoS One 2015; 10:e0129095.

Larionov A, Krause A, Miller W. A standard curve based method for relative real time
PCR data processing. BMC Bioinformatics 2005; 6:62.

Gervasi MT, Chaiworapongsa T, Pacora P, Naccasha N, Yoon BH, Maymon E et al.
Phenotypic and metabolic characteristics of monocytes and granulocytes in preeclamp-
sia. Am ] Obstet Gynecol 2001; 185:792-7.

Sasaki Y, Darmochwal-Kolarz D, Suzuki D, Sakai M, Ito M, Shima T et al. Proportion
of peripheral blood and decidual CD4" CD25""¢" regulatory T cells in pre-eclampsia.
Clin Exp Immunol 2007; 149:139—45.

Prins JR, Boelens HM, Heimweg ], Van der Heide S, Dubois AE, Van Oosterhout AJ
et al. Preeclampsia is associated with lower percentages of regulatory T cells in maternal
blood. Hypertens Pregnancy 2009; 28:300-11.

Toldi G, Saito S, Shima T, Halmos A, Veresh Z, Vasdrhelyi B et al. The frequency of
peripheral blood CD4" CD25"¢" FoxP3* and CD4* CD25 FoxP3" regulatory T cells in
normal pregnancy and pre-eclampsia. Am ] Reprod Immunol 2012; 68:175-80.

Hafeez NA, Fouda Mel-T, Abdel Gawad ER, Assar T, Mansour Al The role of regula-
tory T cells in preeclampsia. Egypt ] Immunol 2014; 21:45-55.

Cao W, Wang X, Chen T, Zhu H, Xu W, Zhao S et al. The expression of notch/notch
ligand, IL-35, IL-17, and Th17/Treg in preeclampsia. Dis Markers 2015; 2015:316182.
Gharesi-Fard B, Mobasher-Nejad F, Nasri F. The expression of T-helper associated
transcription factors and cytokine genes in pre-eclampsia. Iran ] Immunol 2016;
13:296-308.

Alijotas-Reig J, Llurba E, Gris JM. Potentiating maternal immune tolerance in preg-
nancy: a new challenging role for regulatory T cells. Placenta 2014; 35:241-8.

© 2017 John Wiley & Sons Ltd, Immunology, 152, 163-173

@

=

@

<

3

o

b

by

=

o

-

N}

%

°

Th17 polarization in early-onset pre-eclampsia

Zhang Z, Liu H, Shi Y, Xu N, Wang Y, Li A et al. Increased circulating Th22 cells cor-
related with Th17 cells in patients with severe preeclampsia. Hypertens Pregnancy 2016;
11:1-8.

Ozkan ZS, Simsek M, Ilhan F, Deveci D, Godekmerdan A, Sapmaz E. Plasma IL-17, IL-35,
interferon-y, SOCS3 and TGF-f levels in pregnant women with preeclampsia, and their
relation with severity of disease. ] Matern Fetal Neonatal Med 2014; 27:1513-7.

Barnie PA, Lin X, Liu Y, Xu H, Su Z. IL-17 producing innate lymphoid cells 3 (ILC3)
but not Th17 cells might be the potential danger factor for preeclampsia and other
pregnancy associated diseases. Int J Clin Exp Pathol 2015; 8:11100-7.

Beckmann I, Efraim SB, Vervoort M, Visser W, Wallenburg HC. Tumor necrosis fac-
tor-o. in whole blood cultures of preeclamptic patients and healthy pregnant and non-
pregnant women. Hypertens Pregnancy 2004; 23:319-29.

Peragoli JC, Rudge MV, Peragoli MT. Tumor necrosis factor-u in gestation and puer-
perium of women with gestational hypertension and pre-eclampsia. Am ] Reprod
Immunol 2007; 57:177-85.

Tarnowska-Madra U, Leibschang J, Kowalska B, Filipp E, Kozar A, Maciejewski T.
Levels of cytokines in serum of women with preeclampsia or severe pregnancy hyper-
tension. Ginekol Pol 2010; 81:192-6.

Molvarec A, Czegle I, Szijarté J, Rigé ] Jr. Increased circulating interleukin-17 levels in
preeclampsia. J Reprod Immunol 2015; 112:53—7.

Xu L, Lee M, Jeyabalan A, Roberts JM. The relationship of hypovitaminosis D and IL-6
in preeclampsia. Am J Obstet Gynecol 2014; 210:149.

Weaver CT, Hatton RD. Interplay between the TH17 and Treg cell lineages: a (co)evo-
lutionary perspective. Nat Rev Immunol 2009; 9:883-9.

Afzali B, Mitchell P, Lechler RI, John S, Lombardi G. Translational mini-review series
on Th17 cells: induction of interleukin-17 production by regulatory T cells. Clin Exp
Immunol 2010; 159:120-30.

Rahimzadeh M, Norouzian M, Arabpour F, Naderi N. Regulatory T-cells and
preeclampsia: an overview of literature. Expert Rev Clin Immunol 2016; 12:209-27.
Clausen T, Djurovic S, Reseland JE, Berg K, Drevon CA, Henriksen T. Altered plasma
concentrations of leptin, transforming growth factor-f; and plasminogen activator inhi-
bitor type 2 at 18 weeks of gestation in women destined to develop pre-eclampsia. Cir-
culating markers of disturbed placentation? Placenta 2002; 23:380-5.

Pasare C, Medzhitov R. Toll pathway-dependent blockade of CD4'CD25" T cell-
mediated suppression by dendritic cells. Science 2003; 299:1033-6.

Cemgil Arikan D, Aral M, Coskun A, Ozer A. Plasma IL-4, IL-8, IL-12, interferon-y
and CRP levels in pregnant women with preeclampsia, and their relation with severity
of disease and fetal birth weight. ] Matern Fetal Neonatal Med 2012; 25:1569-73.
Azizieh F, Raghupathy R, Makhseed M. Maternal cytokine production patterns in
women with pre-eclampsia. Am ] Reprod Immunol 2005; 54:30-7.

Borekci B, Aksoy H, Al RA, Demircan B, Kadanali S. Maternal serum interleukin-10,
interleukin-2 and interleukin-6 in pre-eclampsia and eclampsia. Am ] Reprod Immunol
2007; 58:56—64.

van Rijn BB, Franx A, Steegers EA, de Groot CJ, Bertina RM, Pasterkamp G et al.
Maternal TLR4 and NOD2 gene variants, pro-inflammatory phenotype and susceptibil-
ity to early-onset preeclampsia and HELLP syndrome. PLoS One 2008; 3:¢1865.

173



